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STUDIES OF EXERISTES ROBORATOR (FAB.),
A PARASITE OF THE EUROQOPEAN CORN
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INTRODUCTION

Ezeristes roborator (Fab.) (fig. 1) is an ichneumonid parasite that
develops externally on its host. Tt was found to be associated with
the European corn borer (Pyrauste nubilelis Hbn.) in France early
in the invgstigations initiated by the Bureau of Entomology to study
the pa.rasge complex of this insect pest in its native home, and subse-
quent exténsive field observations (3, 4)? have shgwn it fo be fairly
generally distributed throughout Europe. Thompson and Parker
{6, p. 84) report, however, that “it is found most frequently in the
southern part of the Continent.”

The fact that it was ainong the first of the parasites found attacking
the borer led to its importation and subsequent liberation in all the
principal infested areas in the United States. In order to accomplish
this distribution, extensive breeding was necessary, and during the
course of this work an opportunity was presented to study the biclogy

! The observalions recorded in thls balletln were mnde In connection with the para-
slie project of the Buropesn corn-lorer fnvestleations, T W. Joues, in charre. The
wrlters acknowledge the timely suprpestions of 13 ), Caffrey throushiont the Investigetions
ohd the preparation of the mamscript, Philtp Luptnblls eritlelsms of the munuacripg
end preparation of photograpbie Mivsirations, B T. IPnrker's conments ol the status
of the porasite In Kurcpe, nnd the nusistapcee of the varlons members of the staff in the
tceumuintlon of the luborotory nnd Held datu, Egther H. Hart made the drawing for

e 1.
4 ltnlic numbers in parcuthesis refer to Liteesluve Cited, po 25,
818GE"—d——1
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of the parasite under controlled laboratory conditions, its reaction to
meteorological influences, and its seasonal synchronization with its
host under controlled field-plat conditions, particularly in that part

Fopes L —Boeeristee roboralor, ndult fomale anmd detnils,

of the one-generation aren in the vieinity of Lake Erie. These
studies were made principaily at Monroo, Mich.

LABORATORY STUDIES

In developing » laboratory technic by which large numbers of
adults might be produced, a study was made of the reactions of the
parasite to the various artificial conditions imposed by a laboratory
environment. Principal among these were reactions to temperature
and moisture,




STUDIES OF EXERISTES ROBORATOR

REACTIONS TO TEMFPERATURE AND MOISTURE

Experiments to determine the effect of variations in temperature
and moisture on the reactions of the purasite were divided into three
groups: (1) Theeffect on the incubation of eggs; (2) the effect on the
development between hatching of the eggs and emergence of the
adults; and (3) the cifect on reactions of rdults.

IXCURATION OF LaGh

Three experiments were conducted to determine the percentage of
hatch and the length of the incubation period when eggs were
exposed to various temperatures and humidities.

In the first experiment a. constant temperature of 80° F. and humid-
ities ranging from 40 to 100 pereent in & percent intervals were main-
tained. The results are presented in table 1. There is a noticeable
increanse in the percentuge of hateh as the relative humidity inereases
from 40 to 60 percent, but beyond this point little difference is noted.
There is also a slight acceleration of incubution as the refative humid-
ity increases.

Tame L—lncubution of Brcrisies vobordior epgs al a constonl temperaiure
{80° ) and werging velutive humidity
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In a sccond experiment the velative humidity was constant at 70
percent and the temperature ranged from 45° to 110° F. in 3°
intervals. The results ave shown n table 2. A general increase in
the percentage of hateh takes place throughout the temperature
range from 45° to 80°, but at 85° a decrease 1n_hateh begins and at
110° there is practically total mortality. A similar general effect
ie shown in the seecleration of incubation, although in inverse ratio.
The length of the period Is pereéptibly shortened as the temperature
is roised from 43° to 95°, but above 95° there is a slight merease.

TABLE 2—TFnenbation of Breristes roborator eguy b o consiant velutive Jnnnidity
{70 pereedd) and vorying temperatare
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A comparison of tables 1 and 2 shiows that temperature variations
exert o far greater influence on incubation of Eaeristes roborator
eges than do humidity variations.

Nevertheless, the necessity of changing moisture conditions to meet
the requirements of different temperature influences apparently
represented a critical phase in the rearing of the insect. The effect
of different combinations of temperature and humidity within the
range of practical working conditions is shown in table 3. It will
be noted that at each temperature the percentage of hatch, and also,
in lesser degree, the rate of Incubation, tends to increase as the rela-
tive humidity is increased.

TaBLE §.~—Incubation of Freristes roborator eggs ot pnrping velative humidity
and parging temperature

Tempern- | Relutive g | AVEIREE O} apeern. | Relniive ] Average
Lure (° F.) | nomidity] Fres | Fnteh '"?;?ﬂﬁ'lan Lare (° 1) { humidity] BRES in%%?ir{i]téon

Pereenl (Number) Pereenf Iy Pereert \Nuwmbery Pereent]  Thaura
o 20l [t} {l 4 B 24

50 4 83
50 a0 2 e 8
50 02 b4 ! B4
50 % : ; 3

! o hoteh,

In general, the incubation of eggs of Faeristes roborator is con-
trolled rather definitely by temnperatore and relative humidity, the
most favorable conditions heing temperatures between 789 and 85° F.
asceompanied by relative Lbumiditics between 70 and 80 percent.

REVELOPMERT FROM QG TO ADTLT

The percentage of larval suvvival and the length of the period
from hatching to issuance of the adult were utilized as indices to
the parasite’s reaction to variations in temperature and moisture
during this pertod. Following numerous preliminary observations
that indicated an environment of 80° F. and 70 percent relative
humidity to be suitable for this period of development, experiments
were conducted to determine the effects of temperature and moisture
variations on the percentage of larval survival and the rate of larval
development. The results of these experiments are given in table 4.

TasLe 4——8Survival und developmiont of Brervistes roborator lurvee when snb-
freted 1o difforent temperoture dand noisture condifions?

e . : - Lepgth of developmoental period ab o relptive
Survival nt a relative homidity of hatnidity of—
. Fges e ..-l__._.__._.
45 poreent ) 70 percont |85 pereent 100 percent 45 pereent | 78 percent | 85 pergent (108 porcent

Tampoeraton l
(°F.) 'R

35,

..
Lercent Pereent i Pereent Pereenl aps Dayx ] Daps
20 Jm|_.._.. . 34 0.7

45

1180 ipdividunls ulidizoed Lo obtaln averages ot creh cnndition,
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Survival was highest in an environment of 70 percent relative
humidity and temperatures between 80° and 85° F., and the same
environment also produced the shortest developmental period. Mois-
ture, however, has a greuter effect on the percentage of survival than
it does on longevity, whereas the response to temperature variations
is more rapid 1n rate of development than in percentage of individ-
uals successfully completing their development. It is the opinion of
the writers that, while the effect is more obscured than in the incuba-
tion period, higher temperatures should be accompanied by increased
humidities, probably to counteract the increased tendency to evapora-
tion. It will be noted that complete mortality occurred in the 45
percent humidity when the temperature was 90°, but that this did not
obtain in the 70 percent hmnic}l)ity until the temperature was raised
to 105°.

ADULT ACTIVITY

Although temperature and moisture changes definitely influence all
phases of adult activity, such as movement, feeding, mating, and
oviposition, only temperature changes result in pronounced varia-
tions in these activities. Moreover, 1t is only in extremes of tempera-
ture (below 50° and ubove 90° F.) that this factor tends seriously to
restrict normal adult aetivities. The effects of varying temperatures
and humidities on the length of adult life and on repreduction are,
‘however, quite evident. The effect on longevity and reproduction of
relative humidities of 45, 70, and 85 percent and temperatures rang-
ing from 60° to 100° in 5° intervals is shown in table 5. As was
evident in incubation and larval development, 80° and a relative
humidity of 70 percent again approach very closely to the optimum
conditions for adult activity.

TanLe S.—Length of adull life and ovipusition of BExeristes roboralor when
subjected to different temperature and moisiure conditipng®

Longih of adull life at o Avermpge pumber of eggs deposited by 1 femgle
ralntive humidity of— al o relative humidity of—

;-]
‘Tempernture (°F.) 45 pereent 70 pereenl. 85 porcent

70 per- | 85 per-
cout cont

Daily Totnl Dnily Total Txaily | Total

Deps | Numer | Number | Number | Nuemdber MNumber
3 12 23 20
3 a2 23
24 17 144
3 E 190 246
K [ 440 3}
iz 504 84
28 108 208
F 0 24 2
3 1 4 5

i 10 individusls vLilized to ahtnin avernges ol each condition.

wamBEREY

THE LARVAT. DIAPAUSE

The requirement of Eweristes roborator for a resting period in its
larval development has occasioned extensive observations in an effort
to determine some of the causative factors. Seasonal influences have
been studied, the type and quantity of food have been varied, and en-
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vironments have been changed by manipulation of temperature and
humidity. All these factors doubtless influence the terndency of
the species to undergo a diapause. Observations on several genera-
tions of progeny of parents that had passed through the diapause,
and of those that had not, failed to produce any evidence that hered-
ity is invelved. Im all these investiguntions the results have been
variable, and in many instances the variation between replications
has exceeded variations between experiments too greatly fo permit
any definite conclusions to be drawn. This variability in the secur-
rence of the diapause among progeny of the same group of females
that had received the same Inboratory manipulation and developed
under the same conditiens is shown in table 6.

TasLe 6—0Oceurrence of the diapunse in different progeny of o group of Ezer-
istes roborafor femuales thai received fhe same Mboratory manipuletion and
developed wnder the smne conditions ceeopt for date of owiposilion.

et af oviposition

)

i Drate of oviposition

| Individunis | Individuals
obiserved lin dinpause!

Number ‘ Percent
34 .1

14 5.0

Indi\'lduuisi Tndividunis
observed . in diajmuse t

1

| i !

i B

10131 | Nwwber ' PFercent 931 |

Jan. Waa.. - .. L. : 17 . o R T R H

Jam 20 L 59 | 58,1 aami 0,00 0 Tl |
] L "

1 Individunls were considered in diapnuse if no pereeptible development could be observed during s
ulkdny period of exnosuro Lo A constant temperntare of 80° Fo pnd o constant relative Gomidity of 70 percent
immediaiely plowing the formution of the ¢ocoon.

It has been observed that almost any conditions adverse to normal
development, such as restriction of food or changes of temperature
and humidity from g fuvorable to an unfavorable condition, tend
to cause some individunls fo puss inte a diapause. The recurrence
of the diapause almost every vear from November to March, as shown
in table 7, is still unexplained. It seems to have no relation to the
number of generations that have intervened since the last diapause,
and in some instances individaals or groups of individeals develop
to adulls when 90 percent or morve of others exposed to the same
conditions will mature only after a resting period.

TanLe T,—Fhe seasonal reonrrence of the diapuuse in Broristes roborator lareae”

Indivigdunls J Individuals
ebsorved [ In dinpmuse

! tndivioanls * Individosls |

Yeur and month ohserred ¢ In dinpause

Year and month

Sy mber Pereemt K ! Number Pereent
7. S e o A, 3T T
7, 621 X
26, 80
A o, d4d
Cotober. . PR 2, HER
November L 1,
Decembor... ... .. . . 1, Qo0

il

13
Januars. . .. ... ...
Febroary ... ... .

[+ |

Jnnueary. .
February.
March__ .
Aprid__ ..

I AN moterinl was exposed (o 80° F, and 70 pereent. rebative bumidity thronghoul the observations.
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The conditions obtaining during this resting period exert a strong
influence on both the rate of response and the eventual mortality
of the individuals. A group of larvae in diapause were kept in
an environment of 80° F. and 70 percent humidity until they either
died or resumed development and became adults. Examinations
at 10-day intervals, the first being made 10 days after the group had
been determined in diapause, showed a very slow resumption of
normal development and a mortality that increased gradually from
2 to 40 percent (table 8).

TaBLy 8—Bmergence and mortality of Ezeristes roboralor larvae in diapause,
when reared at 80° F. and Y0 percent relulive humidity?

Larvas Larvee
Time sfter determined semuin- | Mortal- [ Time aftor determined | Emer- | remain-
in diapanse {dzys) Ing in ity in dlapnose (days) genoe | inglin
digpnuse diapouse

Fercent | Pereent | Pereent Percent Percent
2 o) 2 g 82 1]

2 . . 12
4 a8 - 2
L] 86 t 18
& 84 4] . - 4G

1100 Individunls were niilized in this experiment,

Another group of larvae in diapause were placed in storage at
33°-35° F. and T0 percent relative humidity. Portions of this group
were removed at 10-day intervals up to 90 days and subsequently at
longer intervals, and then subjected to developmental conditions
(80° and 70 percent humidity) for 30 days. The response of these

" individuals is shewn in table 9. Complefe elimination of the tend-
ency to remain in a diapause is noted after 70 days’ storage, and
there was & gradual increase in emergence as the length of time in
storage increased up to this poiut. The emergence occurred within
30 days of removal from storage, and all individuals that had not
responded at the end of this period were considered as still in
diapause.

TanLE 8. —NMmergence and morielity of Exerisfes roboralor larvae im diapuuse,
when subjecied to varying periods of storage ol 33°-85° F. and %0 percent
relative hwwidily, foltowed by 80-day erposures to 80° ang 70 pereent relutive
humidity '

Lnrvae Larvao

Thne in storago remnain- Time in storage Enter- | rémmin- | Mortal-
{days) ing in (ilays) gence | Ingin ity

dinjause dingnosa

i Percent ! Pereent| Percent | Percent
96 isi]

H 0
) 4
5

]
0
2
a
a
0

30 g
il 12

30

f-TEE-E~F R ETN)

* 190 individuals wore utilived In coeh serios.
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Other attempts to break the diupause of this insect have met with
little success. Subjecting the material in diapause to a higher tem-
perature than that at which the condition was produced merely
tended to increase the total mortality and the rate at which it oc-
curred. Subjecting the individuals to severe shocks, such as holding
them in a 17° F. environment for 24 hours and then immediately
submerging them in water at 120° for 2 minutes, caused some re-
sumption of development. Except where long exposures to low
temperatures were provided, however, the mortality was too great
to permit the successful application of any measure to break up the
dinpuuse period.

HABITS AND ACTIVITY

The life cycle of Emeristes roborator as determined in the labora-
tory cannot be used in interpreting the parasite’s responses under
natural conditions, because the influences invoived in its develop-
ment are not the same in both eases.  The mujor fuctors affecting the
life cycle have already been discussed, and the following presentation
of the reactions of the parasite in the various stages of its cycle
will supply the informution essential to an understanding of the
development of X, »eborator in the laboratory.

LARVA

The entire larval life of Eweristes roborator is spent in close
proximity to its host, nll feeding and development occurring ex-
ternally.” As soon as the young larva has cut its way througﬂ the

chorion of the egg (pl. 1, 4; pl. 2, F), it crawls about over the host,
feeding at different places. To obtain food the larva presses its
mouth against the borer, usually at some tender part of the cuticle
such as the intersegmental skin, and with the mandibles ents through
the caticle, holding the mouth firmly attached to the borer. The
first-instar larva (pl. 1, B) feeds little, if at all, on solid faod, de-
pending for its nourishment on the blood of the host, which it
extracts by a sucking process. The second-instar (pl. 1. ') larva
feeds in the same manner, and not until the third-instar (pl. 1, D)
is veached is feeding on the fat content of the host noted. The
fourth-instar larva (pl. 2, A) consumes more of the body content
of the host and cats frecly of the futty tissue. The fifth-instar
Tarva (pl. 2, 2} finishes consumption of the host, leaving only its
head, outer cuticle, and other more solid portions.

When it is fully fed, the lurva rests for 20 te 36 hours. It then
spins a cocoon of loosely woven silk, which finally assumes a parch-
mentlike textore following the exudation of a viscous Huid which
the larva deposits on the silk strands.  After the Jarva has spent
from 36 to 72 hours in the cocoon, the prepupal stage (pl. 2, €)
becomies evident.  Before the pupal melt takes place, however, some
of the semiliquid meconium is deposited as 15 to 50 small pellets.

1Uta

Following the prepupal stage from 5 to 7 days is spent in the
pupal stage (pl. 2, 7 and £). During this stage there is usually
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considerable movement within the cocoon. The insects go through
many contortions, revolving, bending, and pivoting on each end for
hours at a time, '

ADULT

When ready to emerge, the adult cuts a ragged hole in the cocaon,
much larger than is necessary, and cerawls through. Usually the
first act after emergence is to veid from one to several drops of
yellow ineconium. It then cleans its appendages by stroking one
over the other and straightens out any portion that may be crooked.
The grooming complete, the adult sceks food and water, of which it
takes small quantities at irregular intervals during the first few days.

The time of mating depends on the sex. The males make no
attempt to mate during the first 12 hours after emergence, and only
rarely until after 24 hours. They usually hecome aggressive in
from 86 to 48 hours and continue so until shortly before death. The
longevity of a male is inversely proportional to the frequency of
mating,

In the case of the female, however, mating may occur nnmediately
upon emergence or at any time during the first 72 hours of adnlt
life. Females nsually mate several times when associated with males
during this period, but when 72 to 96 hours have passed, or oviposi-
tion has begun, mating is restricted to females that have not pre-
viously mated, and such females mate only once. Although mating
of Eweristes roborator is dependent upon the nge of the male, there
1s liftle difficulty in obtaining satisfactory mating under laboratory
conditicns. The male emerges 1 or 2 days earlier than the female
and becomes sexnally mature in 12 to 48 hours, thus synchronizing
with the delayed emergence of the femnale.

The female alwrys oviposits on borers that are concealed as they
ave usually found n cornstalks., She locates the host in the stalic
apparently through a sense of smell, as often the spot at which she
thrusts her ovipositor is merely a loeation where the borer has been.
The act of oviposition in this'species requires from 3 to 3 minutes,
since the female invariably paralyzes the host hefore depositing an
eger on it.  When encountering a borer, she thrusts her ovipositor
inte 1ts body, moves it forward and backward, up and down, and
to cach side pgain and agnin until the borer ceases to move or
until the instinet to kill the host has been satisfied. The resulting
paralysis may be either mechanical or a stupor produced by a poison
exuded from the sting. prebably both. A ‘single thrust of the ovi-
positor js sufficient to stupefy the borer for 2 or 3 days and may even
cause its death. The mechanical effect of inserting the ovipositor or
a similar object is also enough to kill the borer, as has been deter-
mined through mechanical paralyzation, As soon as the borer is
paralyzed or killed, the femnle deposits an ege on or near it.

Under laboratory conditions the female Aaeristes roborator seems
to have little prefercnee either for a specific host or for a particular
instar when ovipositing on Pyrausie nubilaliz. Qviposition has
occurred on all the instars of the host from the second through the
full-fed Iarva, but no parasites were produced when oviposition was
upon any instar previous to the fifth. A female may oviposit many
times on u borer, and several females may oviposit on the same borer.

81805°—34—2
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The parasite seems to have no means of distinguishing parasitized
from unparasitized borers; in fact, parasitized borers were more
attractive in test material.

There 1s considerable variation in the time of day at which ovi-
position begins and in the number of eggs deposited by different
females. It is thought that under natural conditions oviposition
occurs only during the day. Light stimulates the female to activity,
provided the temperature and other conditions are favorable. There
1s no apparent variation in the response of Kweristes roborator to
different kinds of light. There are, however, differences that occur
over short periods which may affect the normal oviposition; e.g.,
there is no oviposition for 36 to 48 hours after females are moved
from s lighted into a totally dark environment. Either contiruous
light following 24 hours’ darkness or intermittent light (12 hours
dark and 12 light) abnormally increases oviposition over a period of
48 to 72 hours. Normal deposition, however, is resumed in either
total darkness or continuous light if the adults are retained in either
for 4 or more days.

Therefore, artificial light stimulates the female to activity just
as natural light does and, other factors being equal, oviposition oceurs
at & similar rate. After oviposition has started, it proceeds nor-
mally subject to the influence of temperature variations, the num-
bers of eggs deposited increasing as the temperature is raised until
the maximum production is attained and then decreasing rapidly.

The number of eggs deposited by different females in 1 day and
during their entire life varies enormously. The resson for this
variation is not known. However, since females that are induced to
oviposit where no borers are available for food depaosit very few
eggs, 1t may be assumed that oviposition is dependent to a certain
extent upon the presence of some food other than sugar. On the
other hand, some females are more productive than others. This
may be due to differences in size, in available food, in natural po-
tential, etv,, and is not peculinr to Fweristes roborator. Thus, in
the summer of 1929 isoluted females kept under field conditions de-
posited from 1 to 9 egus per day and the total deposition per female
ranged from 1 to 83. A similar group of isoluted females main-
tained in the laboratory deposited a minimum of 1 ¢gg and a maxi-
mum of 40 eggs per day, or an average of from 1 to 13 per female,
and the total deposition per female runged from 113 to 679,

REARING METHODS

After the practicability of rearing the parasite in the laboratory
had been ascertained, a breeding technic was evolved by Thompson

5). It was immediately appreciated that the developiment and re-
finement of this technic would provide a source of adults for Iibera-
tion purposes that would be much more economical and practical of
operation than continued importation of field-collected material (2,
#p. 8-14). This technic has been improved by the writers and has
been utilized to supply practically all adults of this species released
in the United States and Canada. The varions steps in the technic
as it has been utilized at the Monroe, Mich., laboratory are presented
to indicate the possibilities of using such a procedure with other in-
sects of the same type as Eueristes roborutor.
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COLLECTING ADULTS

Immature forms of Eweristes roborator, obtained from developing
stock or from storage, are placed in an emergence cage (fig. 2, 4).
As the adults emerge, they are transferred to a compartment cage for

Fiovse 2-—d4, Cmergence cage; 2, oviposition cage, for Ezcristes roborator,

oviposition {fig. 2, B). Each compartment contains loaf sugsr and
cotton saturated with water in addition to a corn pith containing
peralyzed Pyrausts nubilalis larvae. During the first 5 to 7 days
6 males and 6 females are maintained in each compartment, the
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males to insure fertilization of any females that did not mate in
the emergence cage. The males are then removed, as they tend to
interfere with normal female activity when confined in cages. The
females that die are replaced by living females, and empty compart-
ments are refilled with new males and females. All compartments
are maintained in a sanitary condition at all times. The cotton is
moistened and both cotton and sugar are replaced when necessary.

ARTIFICIAL PARALYZATION

As natural paralyzation of berers by Zaeristes roborator is im-
practicable for quantity production of the parasite in the laboratory,
various methods of accomplishing this avtificially were tested. The
method finally adopted consists of immersion of the borers for 10
minutes in water having a temperature of exactly 49° C. (120.2° F.).
Higher temperatures or longer immersion tends to harden the bovers
50 that they ave unsuitable for feeding purposes, and lower tempera-
tures or shorter exposures will not paralyze them. Clean, fresh
water is used each day, and the container (fig. 8, 4) utilized to hold
the borers must also be clean. The water in which the container is
immersed must be of sufficient volume to maintain a constant tempers-
ture when the borers are placed in it. The horers are seattered thinly
over a tray and allowed io dry (fig. 3, B). Borers having an excess
of moisture on them are not used, as they are liable to develop rot
or become moldy.

OVIPOSITION PITHS

In order to facilitate oviposition and the manipulation of the eggs,
oviposition piths are prepared by hollowing ant sections of cornstalks
on one side, and covering the groove with paper (fig. 4, 4) held in
place with rubber bands. One of these piths containing paralyzed
borers in the groove is placed in each compartment of the oviposition
cage (fig. 2, ¢'). Care must be used to place the pith firmly against
the glass front of the compartment with the grooved surface up.
Since many eggs hatch in less than 48 hours in the incubation envi-
renment, the piths are replaced daily. This operation is performed
with the gluss frout of the cage facing the light.

CARE OF EGGS

1n order to obtain the maximum number of parasites from available
egps, each eger must be isolated on a separate host. Accordingly, one
paralyzed borer is placed at the bottom of each of as many vials us
necessary {fig. 5, 4). For ease of handling, the vials are placed in
racks (fig. 4, B) and a number of these racks are carried on 2 tray
{Bg. 4, 0‘3. After the borers have been placed in the vials, the para-
site eggs are transferred from the piths to a smooth, sterilized sur-
face. One egg is then placed on each host with a small camel’s-hatr
brush (fig. 5, B). The brush should be kept moistened with distilled
water while in tse. All the material is then placed in the incubator
room at 80° F. and 70 percent relative humidity for hatching aund
larval development.

T CARE OF LARVAE

The developing material requires no attention for § deys, at the

end of which time the first cocoons appear, indicating conclusion of




BTUDIES (OF EXERISTES ROBORATOR

FIGuRE 3.—A4, Container for Immersion of Pyratete wnbilfalic larvae in watey ; I, drying
purelyzed P, nubilalis larvae.
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the larval period. Examinations are then made every second day
and vials containing cocoons or dead parasite larvae are removed
from the racks, and the borers in the remaining vials that are no
longer suitable food are replaced.

CARE OF COCOONS

The handling of the cocoons is contingent on the purpose for
which the wil(f be used. If additional breeding stock is required
or if a liberation program is in progress, they are placed in an
emergence cage for adult emergence and 'disposition. If, on the
other hand, and as is the more usual circumstance, the cocoons are
produced in the course of breeding looking toward liberations several

LOERRNS PO
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Figukk 4. —s, Oviposition piths In pornstalks ; I, ruek with vlalg; @, troy with racke
and vianls, for renthys Ezerivtes rolorgtor.

months in the future, they must be treated with special care to avoid
disastrous mortalities.
BTGRAGE

The problem of proper storage arises because of the necessity of
synchronizing liberations of the parasite with the presence in the
field of the host in a suitable condition for parasitization. The fact
that there is only a short period in which synchronized liberations
can be made precludes the accumulation of u sufficient quantity of
adults for liberation purposes except over u much longer period of
laboratory production. This restriction necessitates the emergence of
adults, when liberation is being accomplished by release of adults,
over a much shorter period thun is required to bring the desired




ETUDIES OF EXERISTES ROBORATOR 15

number of individuals up to emergence. A method had to be de-
vised, therefore, to induce varying degrees of delayed emergence of
the parasite,

This has been accomplished by placing either the pupa or the larva
when in the diapause in cold storage at 82°—40° F. and a relative
humidity of 75 to 90 percent. Temperatures higher than these were
found to permit an undesirable development, while lower tempera-
tures caused malformed individuals to emerge and in some cases
increased the mortality of all material. Eweristes roborator pupae
and larvae in diapause can be retained in storage under these condi-
tions for 6 months with no evident harmful effect on subsequent
development, and larvae in
diapause can be kept as
long as 10 months with a
neghgible increase in mor-
tality,

It is important that the
material be prepared prop-
erly for cold storage. In-
sulation with 4 to 6 layers
of heavy wrapping paper
should be provided to pre-
venf, evaporation of mois-
ture and tfo regulate the
temperature (fig. 6, 4).

Exposure of the material to
the storage environment
and the return to develop-
mental conditions should
gradual, with not more than
2 10° change in temperature
in 1 day.

PMFUGENCE

After the material has
been removed from stor- _
age, it is treated in the Flounm 5.—a, Filling rearing vials with Euro-
same way that nmonstored ot cora bosers warnlyzal by Tnmeion o
Pupae and larvae are tlreated; e otito paralyzed hosts,
that is, it is placed in an
emergence cage in the incubator room, and the emerging adults
pass from this cage into the migration cage (figs. 6, B, and 7, 4).
The adults are then removed from the migration cage and prepared
for liberation in the field. This preparation consists of dividing the
adults into colonies, halancing tLe sex ratio, feeding, watering, and

retention in an environment conducive to mating for at least 24 hours
prior to release in the field.

FIELD STUDIES

Following several seasons’ unsuccessful attempts at colonization of
Ezeristes roborator, field investigations were started in an attempt
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to find out why this parasite is unable to maintain itself in the Lake

Erie area. Field plats and cages (fig. 7, B) were utilized in order

to render material available for observation. Although these arti-

ficial conditions did not duplicate the natural environment of the

parasite, they were sufficiently close to permit the observations to
be applied ir inter-
preting  the fieid
status of the para-
site in the environ-
ments studied.

CLIMATIC INFLUENCES -

One of the first
considerations wag
the direct effect of
meterological condi-
tions prevailing In
this area. ¥rom
field observations
following liberation
and initial estab-
lishment on full-fed
host larvae in the
fall, it was early de-
termined that the
parasite was capa-
ble of withstanding
ing winters in this
area. It was also
observed, however,
that continued
maintenance failed
and that the only
parasites that sur-
vivedd the winter
were those reared
fram adults released
Iate in the summnzer

; or in the full. Ac-

Figunie G.—A, I’l‘up:trn'tit‘m of Hoeristes robarutor luir'vue cgrdingly: observa-

Hlon Bate uhacho, for £ ragrsioe. (10 Wi migne ong were continued

for an entire season,

during which a supply of host larvae suitable for parasitization was

Lept available at all tunes when the parasites might be active. With

these precautions no difficulty was encountered in rearing successive
generations of the parasite from one year to another. '

It 3s appreciated that the efficiency of the parasite might be affected

by certain climatic conditions that do not as yet appear.

LIFE CYCLE

In order to determine the relationship between Ezeristes robora-
for und Pyrauste nubilelis and the requirements for successful para-
sitization. a study was made of the life cvele of the parasite.
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FIGUUE T—4d, Migration cuge Tov Beeristes roborafor; 8 teld eage on weeds and debris
during hibernation.
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RELATIONBHIF BETWEEN DEVELOPMENT OF HOST AND PARASITE

The first study was to determine the limits of host development
that would support the parasite to maturity. The results of exposure
to the parasite of Pyrauste nubilalis larvae in different stages of
development are given in table 10,

Tanrke 10.—Development of Ezerisies roboratior following the parasitization of
varipus stages of Pyransta nubilefls lervac

Btape of P, 8pecl- | et on host | Host condition following Degres of parasita

nubilatis r":_;%s gther thun paralysis| porasitization evelopmont

First and second Instars.
Sacond and third Instars,
.t ‘Third and fitth inslars.
Full-fed__. an - & percent emergence,
Late fall-fed_ . 20 percant. einergenca.
Dibernuting . . 00 percent eruergency,

It is evident that development of succeeding generations of para-
sites 1s dependent upon the availability of host lurvae that have
reached their fifth instar when the oviposition period of the para-
site occurs. The parasite will, however, attack and Lill borers in
other stages of larval development, and thus cause an immediate
reduction in their number. The data suggest two possible explana-
tions of the nonsuitability of borers in the early instars to serve as
hosts for the parasite. The first is that the phﬁrsiologicul condition
of the host brought about by the sting of the parasite—that is,
excess bleeding or other breaking down of vital functions—may
bring disaster to the developing parasite larva. The second is
primarily the limited quantity of food available in the early instars
of the host. The immediate effect is the production of smaller
parasites, and finally the parasite larva becomes so weakened that
1t cunnot perform its normal functions of pupation and emergence.

AVERAGE CYCLE IN THE LAKE ERIE ENYIRONMENT

Life cycles of many Eweristes roborator have been carried through
on hibernating Pyrausta nubilalis larvae. Although wide variations
will occur as conditions (particularly temperaturc) change, a cycle
that may be expected under normal conditions during the active
period in the Lake Erie environment is briefly outlined in the ensuing
discussion.

In emerging, the adult cuts a ragged hole through the cocoon and
escapes into the borer tunmel. It then cuts a round, smooth hole
in the stalk and through it escapes to the open air to search for food.
Both males and females have been observed feeding freely on sweet
material such as honeydew and nectar. The females also feed exten-
sively on paralyzed borers prior to oviposition, and during the ovi-
position period this is almost their only source of food.

Mating may occur immediately upon emergence of the female and
continues throughout the preoviposition period, as was found to be
the case in the laboratory. After n preoviposition period of from
b to 7 days, the female locates prospective host larvae, paralyzes
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them, and then deposits one or more eggs on or near each larva,
It has been observed many times that the female will deposit her
egg regardless of the condition or suitability of the host, choosing
a partially eaten larva just as readily as one in perfect condition to
develop the parasite. Furthermore, several females may deposit
eges on the same host larva. Although multiple parasitism occur-
ring from the activity of a single female is rare, as many as three
egpps have been mnoted that have been deposited on a single host
larva under conditions fairly comparabie to those that obtain in
nature.

Oviposition continues for 18 to 20 days. After the egg hatches,
which is from 36 to 48 hours after ifs deposition, the young larva
immediately starts feeding externally on the host, as described
under the Jaboratory studies. Feeding und development continue for
T to 9 days, and then the purasite larva is full fed and spins its
cocoon in the borer tunnel. It remains as a larva within the cocoon
for 5 days, pupates, and emerges 10 days later, thus completing a
cycle from adult to adult in about 29 to 33 days.

As determined in extensive laboratory examinations, females of
Ezeristes roborator have an average potential reproductive capacity
of about 350 egos, which can readily be realized under laboratory
conditions. This potential, however, is greatly reduced in the field.
It dropped to 50 under cage conditions, which are considered more
favorable than natural field conditions. All observations in this
area have indicated that under field conditions the parastte has
difficulty in lecating hosts, and this is probably the chief factor
contributing to the low reproductive ability of the parasite when re-
leased in natural environments,

SEASONAL HISTORY

One of the most important factors controlling the efficiency of
a parasite is the synchronization of its life cycle with that of its
host. Accordingly, the seasonal history of Eweristes roborator has
been observed both in the laboratory and in field cages.

WITH HOST MARIFULATION

The first seasonal-history studies were conducted withouv regard
to normal host development, the natural supply of hosts being sup-
plemented at any time when numbers in the experiments became
limited or when they were not normally present in the field. Under
these conditions the parasite completed either 8 or 4 generations
in this area, the number being dependent on individual differences
rather than on climatic restrictions. The natural variation in the
rate of development of different progeny of the same parents permits
the earlier maturing forms to complete 4 generations while more
slowly developing forms can complete but 8 generations during the
period available for insect activity in the Lake Erie arca.

The parasites begin emerging from hibernation between May 5 and
17, and emergence continues for from 20 to 30 days. From May
15 to September 15 a generation is completed every 80 days, but
there are no well-defined points marking the end of one generation
and the beginning of the next. Accordingly, except for a brief
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period in the spring Immediately following resumption of activity,
all stages of the parasite may be encountered at any time of the
season. A certain percentage of the larvae in each generation enter
a diapause, the smallest percentage in the spring with an increase
to an average of 50 percent as winter approaches.

Most of the larvae that do not enter a diapause die during the
cold weather. Pupae withstand the rigors of winter fairly well,
and they resume active development immediately when the tempera-
ture becomes favorable, and often adults emerge so late in the fall
or early in the spring that there is no opportunity for oviposition.
It has been concluded, therefore, that the tull-fed Iarva that has been
in diapause is the true hibernating stage of Eweristes roborator, all
other stages ocenrring during the winter being more or less inei-
dental and subject to complete mortality in accordance with climatic
conditions.

WITII NATURAL BEVELOPMENT OF HOST AND PAHASITE

Attention was next centered on the seasonal cycle of Pyrausta
nubilalis that prevails in the area under discussion. These observi-
tions were conducted in field plats, cages being used to prevent adult
dissemination. One plat contained an abundance of overwinter-
ing P. nubilalis larvae naturally estublished in cornstalks and other
debris, A second plat was planted to corn and the plants were arti-
ficially infested with P. nubilelis larvae concurrently with natural
field deposition, At the time of the first natural emergence of adulg
parasites, fBxeristes roborator ndults were relensed in a cage placed
over the hibernating host material, Mated female purasites were
added to the original stock throughout the spring-emergence period
of the parasite in order to maintuin the original number released in
the cage. JZ. roborator can complete hut a single generation on hiber-
nating 2. mubilalis Iarvae in the Lake Erie area, as the supply of
host larvae is exhausted by pupation when the first-generation para-
site adults begin to emerge. Therefore, as soon as the adults of the
first generation of parasites emerged, they were transterred from the
hibernation cage in the first plat to the ¢age in the second plat con-
taining developing P. wudilafis larvac, The parasites were supple-
mented oceasionally by adulMs from other sources to insure the pres-
ence of an ample supply of ovipusiting fomales. '

Throughout the period of these releases first- to fourth-instar hosts
were present, Lut no parasite Iarvae developed beyond the second
mstar. The last-emerging individuals of the first generation inva-
riably were ready for oviposition prior to the appearance in the field
of host lnrvae in a condition suitable to be parasitized and to support
the developing parasite to maturity, The only exception was found
in purasite larvac that underwent o diapause in {he frst generation.
Adults from these individuals, however, do not emerge until the
following spring, and the numbers are so small that they are of
negligible importance.

A study of the seasonal histories of Pyravsta nubilalis (1) and
Lweristes roborator indicates that one of ‘the chief ubstacles fo the
maintenance of Z. roborafor is that during the period of parvasite
activity, from May 15 o Seplember 24, its host is present in the feld
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in a stage of development capable of supporting £. roborator for
only 2 months, from May 15 to June 15 and from August 24 to
September 24,

WITH PARASITE MANIVILATION

A third series of tests was conducted in which the parasite was
manipulated to suit the seasonal cycle of the host. In these tests
stock material of mated Fweristes roborator females was introduced,
at 2-week intervals throughout the developmental period, into field-
plat cages containing normally developing host larvae. Periodic
dissections of the host-plant material revealed that in no case was A.
roborator able to become established until full-fed host larvae became
available,

These observations wive further proof of the poor synchronization
of the seasonal cycle of /. roborator with that of Pyrausta nubilalis,
and indicate that under these conditions #. rederafor cannot be
expected to become an important factor in the biological control of
the European corn borer.

ALTERNATE HOSTS

Attention was then directed to the possibility of alternate hosts
supplying the requirements of Awerisies roborator that are so evi-
dently missing in Pyrausta nubilalis. Thompson and Parker veport
that in Eurepe Z. roborator (6, p. 34)—
is apparently very polyphagous, attacking {he larvae of both Tepidoplera and
Coleeplern, The species on which it preys seem, however, ull to be like
Pyrausie, ingects such ns the clenvwing moths (Yesie s, il the weevil
Cryptorrhynchus pathi L., which ju the larval stuge are DLorers living in
tunnels in various plants,

Accordingly, a number of hosts that are present in appreciable
numbers in the Lake Erie urea were tested in both laboratory aud
field-plat experiments. Many of them were found to be unable to
support the parasite beenuse of their physical or physiological char-
acteristics. Such proved to he the case with the Papaipema group,
the parsnip webwerm (Depressavia hevactiona DeG), and the cat-
tail borer (alreame obligua Walk.). Other species were well adapted
to parasitization by Eaeristes roborator. These species included the
elder borer (Aehatodes zeac Harr.}, the codling moth (Carpocapsa
pomonelle L.}, and two species of Pyrausta (ainsliei Hein. and
penitalis Grote). With the exception of P, ainsliei, however, the
seasonal cycle diverged farther from that of Z. reborator than dovs
P, mubiledis, making them incapable of assisting in maintaining the
parasite, although they served as an additional potential Lost supply
when available.

Because in this environment the seasonal eycle of Pyrauste ainslici
agreed with that of £ roborator better than did that of any other
species observed (not excepling P. mubilalis), more extensive tests
were made to determine its actual suitability as a host for E. rebora-
tor. Although synchronization with P. ainslici is closer than with
P, nubilalis, smilar limitations prevent maintenance of this parasite
throughont its active period when this species (P. afnsliei) is the
only host present. Tt is possible that this critical period in the
parasite’s development way be bridged by utilizing both P, nubilalis
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and P. ainsliel as hosts in areas where they are both present in
suficient numbers. It hes been observed that the latest emerging
individuals of E. roborator, produced in the spring on P. ainslie:
borers that have overwintered, could be present in the field when the
earlier developing P. nubilalis larvae have progressed sufficiently to
enable them to support the progeny of these lote-emerging parasites.
For this phenomenon to be successful, an extremely delicate adjust-
ment of seasonal cycles of E. roborator and these two hosts must be
maintained, and therefore the ultimate result would not tend to
Increase the abundance of the parasite materially.

FIELD STATUS

In the environments under observation there was no evidence that
Lweristes roborator is capable of maintaining itself in the Lake Erie
area at present (1933) infested with Pyrauste nubilalis. A number
of colony releases resulted in its initial establishment, but without
producing succeeding generations.

This apparent inabi ity of the species to persist from one season
to another is shown by the liberation and recovery data assembled
in table 11. The data summarize observations over a period of 7
years in all localities where sdequate attempts at recovery were made.
"The 1927 and 1928 seasons have been divided into three periods—the
first extending from May 5 to June 15, when suitahle hibernating
larvae of Pyrausta nubilalis are available in the field; the second,
from June 15 to August 10, when host larvae, although present in the
field, are unsuited to support the parasite to maturity; and the third
continuing from this date, at which time host larvae are still unsuited
to support the parasite but are sufficlently developed to reach the
fifth instar before the end of the oviposition period of parasites
emerging on August 10 or thereafter. In the last four seasons all
releases were made prior to June 15. The recoveries and collections
were recorded the spring after the date recorded in the table. In
each Iocality where recovery was made, the entire supply of corn-
stalks from the field (10 to 14 acres) was placed in 2 cage the spring
following the release before they could be exposed to any parasite
activity other than that occurring during the season indicated, It is
estimated that af least 250,000 P. nubilalis larvae were contained in
the stalls placed in each cage. In all other instances recovery at-
tempts were made by collecting samples of 500 corn borers at random
from fields in the immediate vicinity of the liberation point.




' TasLe 11.—Releases of Exeristes roborator at all poinis in the Lake Iiric area at which adequate attempls at recovery were made

Numiber of Freristes roborator ndults released at the time indicated

Locality 1027 1028
19291 1930 ! 1931t | 19322

May 5io | June 16 to | After Aug. | BeforeJune| June 16 to | After Aug.

June 15 Aug. 10 0 A Aug. 10 10

- -1 |l —
Mouroe County, Miche.. . coe oo in o v ieearasann s 6,178 2,445 2’5, 64 (R) 1,860 1,662 1 8,215 (R) 3I(C) (C) (C) (C)
8t. Clair County, Mieh........_. 1 00T LT I 4116 (R) 2,431 1,918 (C) (C; (C) (C)
Lticas County, Ohio...... 020 .00 7 000 BAS2 e HO) 2,000 2,095 gC) (© 162] (Q)
Erie County, Ohio.......... ... . o O 2000 | o d (Y AU SN C) (C) (C) (C)
Steuben County, Ind wu. oot o e b e U el 3,907 (C) | 1,993(C) ) {C)
Summit County, Ohio’, ... ... ... v io 0 i IR 3,075 (C) | 1,985 (C) (C)
Cattaraugus County, NoY' ... . ...l o ' PR 3,998 (C) | 1,989 (C) (C) (C)
Wyoming County, NoYoo ..o oo oo . . A 2,700 (C) | 1,974 (C) $C) (Q)
Osnkland County, Mich..... e e L I 3,085(C) [ 1,996 (C) C) (C)
‘Hancock County, Ohio. ... .. iv o oo i RPN S 3,085 (C) | 1,004 (C) {C) {C)
Lenawee County, Mich......._ ... _ ... 3,085 (C) | 1,086 (C) (C) (C)
Henry County; Ohio_. ... . . e e i ieneneeand 4,974.(C) | 959 (C) (Q)

¥ All relenses ‘were iade prior to June 15,

¥(R) indicates that adults were recovered in the spring following the relenses,
3 (C) indicates that collections were made in the spring following the date specitied but no adults were recovered.
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It will be seen thut adults were recovered in only 2 localities out
of the 12, and that in both these localities recoveries were made in 2
successive years, each in the spring following fall releases of the para-
site, in other words without the intervention of an entire season
between release of adult parasites and subsequent rearing from field-
collected borers. The only instance of au fall release in which no
adults were recovered was at Lucas County, (Ohio, in 1928. In this
case, however, the entire supply of cornstalks in the field was not
Placed in cages, as was done in the localities where recoveries were
made.

These observations, while substantiating the conclusion reached as
2 result of the biological studies, that the parasite can suecessfully
overwinter in the Lake Erie environment, strongly indieate that
permanent establishment was not attained. "No recoveries were ever
obtained at any of the points listed in tuble 11, unless, as indicated
above, releases were made after the completion of the eritical sum-
mer developmental period. In many of these centers of liberation
there was_without doubt satisfactory initianl parasitization of the
borers available at the time of the release. Such parasitization as did
oceur, however, would not be permanent because of nonharmony of
developmental phases of &. »oborator and P. nudilalis from June 15
to August 10, or probably later, since August 10 is the earliest date in
the ares under observation when host development has progressed
to a point that will permit the parasite to exist.

Data on further releases of Eaeristes roborator adults in this area
are presented in table 12, Although recovery attempts at these

points do not approach in adequacy those previously discussed, a sim-
ilar lack of permanent establishment of the speciesis evident, A few
recoveries were made immediately after the release of adults, but
succeeding atlempts were unsuccessful,

Tawrp 12-—Releases of Breristes roborator al all peints «f which. only Iimited
recavery aticmpts ove been muade

. Parasites Purnsites
Laocniity libernted Loealily liberated

MNumber
Lake County, Chio -, || Wayoe County, Mich.
Eris Couaty, N.Y__..... - ! Macomb Connty, Mich
Erle County, Pa___. .. ......... . E Jacksen County, Mich
D¢ Kalb County, Ind ; Elkhart County, Ind._
Lerain County, Chio e ' Will County, ... ..
Wishtenaw Couity, Mich, ... ... 30 Otlawn County, Chio..
Iuron County, Ohlo,_.. 3 || Woml County, Ohio. ...,
Uenesee County, N.Y . e Ashitsbuls County, Ohio ..
Crawiord Conmty, Pn.. ... ____ ... 11,886 () {| Jeffersan Coonty, N, Y.

! Figures in pureothesls indicate the number of yenrs in which relenses wers tmada.

SUMMARY

Eweristes roborafor. an external ichnemmonid parasite of the
European corn borer, is generally distributed thronghout Europe and
has been imported and extensively liberated in the United States.

A laboratory environment of 80° F. and 70 percent relative humid-
ity is near the optimum for the purasite’s development. Variations
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from this environment in either temperature or moisture tend to
react adversely, parficularly if the variation is toward higher tem-
peratures not accompanied by higher relative humidities.

Many factors contribute to the occurrence of a diapause in the
larval stage of this parasite, but apparently no single factor entirely
controls it. The parasite best survives the diapause when it is kept
In an environment conducive to slow development as produced by
temperatures of 33° to 36° Ir.

The adult female first paralyzes the host larva and then deposits
an egg on or In close proximity to it. Littls preference is shown in
the selection of a host, but only fifth-instar larvae will support the
parasite to maturity. Hatching and all larval development occur
externally upon the host.

Lzeristes roborator can be reared in the laboratory in sufficient
numbers to permit extensive liberations in the field for the purpose of
determining its importance in corn-borer control. The method
consists of transferring the parasite eggs -from the oviposition
medium onto host Inrvae that have been paralyzed by immersion for
10 minutes in hot water at exactly 49° C. (1209° F.). During
hatching and development an environment of 80° F. and 70 percent
relative humidity is maintained. To permit extended breeding
periods followed by emergence of adults over the comparatively
short liberation period, developing iaaterial may be stored in an
environment having a temperature range from 32° to 40° F. and a
relative-humidity range from 75 to 90 percent. Pupae and larvae
that undergo a diapause, particularly the latter, react to this treat-
ment better than do other forms.

It appears from field studies, for the most part conducted under
controlled field-plat conditions, that the factors limiting the effec-
tiveness of the parasite in controlling the European corn borer in the
Lake Erie area are the nonharmony of the seasonal cycle of the para-
site and that of its host, Pyrausta nubilalis, the nonharmony of the
seasonil ((:lycle of the parasite and that of other known potential

hosts, an
conditions.
Although Eweristes roborator has been extensively liberated
throughout the territory infested by the corn borer in the United
Btates, and has become Initially estublished in many instances, there
i no evidence that the parasite can maintain itself in any enviren-
ment within the limits of the present (1983) infested areas or that
it 1s likely to be of more than insignificant importance among the
general influences affecting the abundance of Pyrauste nubilalis.

the low biotic potential of the parssite under fleld
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